In arson cases, the detection and identification of fire accelerants is of high importance for elucidation of such crimes. The present study aims to investigate the remaining fraction of kerosene hydrocarbons impregnated on four kinds of textiles (nylon, polyester, wool and cotton).   https://repository.nauss.edu.sa/handle/١٢٣٤٥٦٧٨٩/٦٦٥٩٢
The volatile fraction was collected by SPME on from non-burnt and burnt samples at successive times (0, 0.5, 1, 2 and 4 h.), then analyzed by GC-MS.
Among the 27 characteristic compounds identified in kerosene, aromatic hydrocarbons were the predominant components, but their evaporation was faster than alkanes in unburnt textiles. Also, in the case of non-burnt samples, the total amount of kerosene residues was higher in synthetic tissues than in natural materials. After burning the different kinds of impregnated textiles, 22 hydrocarbons were detected with a decreasing amount over time, while the concentration of linear alkanes remained higher during the sampling time. All the partially burnt samples displayed much less kerosene residues than in the same unburnt samples. Unlike the non-burnt samples, the profile of kerosene amount as function of time was very similar on the four investigated kinds of fabrics after burning.
These results and the proposed procedure should help forensic investigators in the field of fire debris analysis, in arson cases. 1374 the volatile fraction is forced to flow through the adsorbent material. In dynamic mode, the sensitivity is much better because higher amounts of the vapors can be collected on the adsorbent material [1, 4, 6, 8, 14, 15] .
Since it was developed in 1989, SPME has been utilized in a wide range of analytical applications, including investigations into arson crimes [12, 14, [16] [17] [18] Debris Samples by Passive Headspace Concentration with SPME [19] . This procedure is generally preferred to other methods because it is solvent-free, rapid, low-cost and can be automated [5, 8, 16, [19] [20] [21] [22] . Moreover, unlike other sampling techniques, SPME allows transfer of all the adsorbed material into the chromatographic system, making this procedure suitable for detection of low traces [1, 4, 15] . The volatile analytes, emitted by solid or liquid samples can be collected directly on the SPME fiber [23] . The SPME device is made of a fused silica fiber coated with a thin layer of an appropriate polymeric sorbent [23, 24] . The coated fiber is located inside a syringe needle, which can be directly inserted into the injection port of the chromatographic system [23] . Gas chromatography coupled with mass spectrometry (GC/MS) is a very powerful technique for qualitative and quantitative investigations of various complex mixtures of volatile compounds [1, 4, 5] . It has been widely used in many fields, among them arson analysis [5, 9] . Several forensic investigations showed that ignitable liquid residues can be easily extracted from fire debris by using SPME and then analyzed by GC/MS [1, 5, 8, 12, 22, 25] . As an example, the persistence of fuel residues on synthetic carpet samples with different thicknesses was investigated before and after burning [25] .
The purpose of this work was to identify and determine the amount of kerosene residues remaining on different natural and synthetic textiles before and after combus-
Introduction
Arson is one of the most widespread crimes. It is generally committed by persons who aim to destroy not only buildings and their contents, but also any physical evidence of their crime [1] . Official statistics shows that thousands of deliberate fires are committed every year on dwellings, buildings, vehicles and other properties in the UK and the USA [2, 3] . Products derived from petroleum such as gasoline (petrol), diesel, and kerosene are often utilized as accelerants by arsonists for increasing the rate and spread of fire [1, 4] . These accelerants generally consist of complex mixtures of various hydrocarbons which may be aliphatic or aromatic, with straight, branched or cyclic skeletons [4] [5] [6] [7] . Although ignitable liquids have similar chemical properties, their boiling point, polarity, and volatility vary and cover a large range of values [5, 8] . After a fire, the traces of possibly present accelerants remaining at a fire scene will depend on several factors such as the amount and kind of ignitable liquid used, the time passed after fire, the nature of items it was poured on, and the fire strength [5, 9] .
In forensic fire investigations, the detection and identification of accelerants from fire debris is of primary concern [8, 10, 11] . Thus, due to the destructive nature of arson crimes, the fire investigators encounter a unique set of problems [5, 7, 8, 12] . For example, the scene itself can include a large area and contain a huge amount of debris, all of which must be isolated and examined [13] . However, in case any accelerant has been detected, a suitable extraction and analysis of these traces will be a challenge for the laboratory fire expert [1, 4, 8] .
To face this challenge, several extraction techniques have been developed to collect samples for proper analysis [4, 5, 14] . Solvent extraction is a traditional technique which needs the use of a suitable solvent, but it is a time-consuming procedure [3, 14] . Head-space techniques are based on extraction and concentration of the volatile compounds from the vapor phase above the sample [5, 14] . In passive 
Materials and Methods

Materials and chemicals
The selected substrate materials for the experiments were four kinds of textiles, both natural (cotton and wool) and synthetic (polyester and nylon). These samples were collected at a local textiles supply house (Riyadh, Saudi Arabia). Kerosene samples were purchased from local petrol stations in Riyadh, Saudi Arabia. For collection of the volatile fraction before and after burning, nylon arson evidence bags with 12 × 18 cm dimension were purchased from Tritech Forensics (Executive Park Blvd Southport NC, USA). The solid-phase microextration SPME device equipped with a fiber coated with 100 μm polydimethysiloxane (PDMS) was purchased from Supelco (Bellefonte, PA, USA). According to the provider instructions, the fiber was conditioned in a gas chromatography (GC) injector at 250 °C for 1 h before its use for the extraction of kerosene volatile residues.
Instrumentation
Gas chromatography analysis was performed using an Agilent 6890N gas chromatograph coupled with Agilent 5973 mass selective detector using the experimental conditions described in Table- 1. The mass spectrometer was run in electron impact mode with an ionization energy of 70 eV, and the quadrupole mass analyzer was utilized at 230 °C ion source temperature.
Sample Preparation and Extraction
This study was divided into four stages as follows: the first stage consisted of investigation of kerosene composition as a reference sample. 60 μL of kerosene were poured into a 15 mL empty amber vial, then heated for 30 min at 50°C. An SPME fiber was inserted into the amber vial for 15 min to adsorb the volatile kerosene fraction and then transferred immediately to the GC-MS injector for 100 sec.
In the second stage, a set of textile pieces (polyester, nylon, cotton and wool) were prepared as reference samples in two ways: first without burning, and then by burning them using a lighter without adding kerosene, as blank samples. This step aimed to insure there is no interference between fire accelerant and substrate materials.
Each sample was placed into an individual arson bag, and then heated for 30 min at 50°C. Extraction of the volatile fraction from each textile sample kept in the arson bag was then performed by inserting the SPME needle through the bag for 15 min to allow the analytes to be adsorbed. After that, the SPME syringe was transferred immediately to the GC-MS injection port for 100 sec. Between two injections, the SPME syringe was placed in the heated injector of the GC for about 20 min to ensure that it was free of any contamination.
In the third stage, the experiments were performed by pouring 2 mL of kerosene in a circular shape on each textile sample (polyester, nylon, cotton and wool). Indeed, a previously published paper showed that impregnation of a textile sample with 2 mL of fire accelerant was convenient for investigation of fire residues (25) . Every sample was stored in a separate arson bag and the volatile fraction was collected using an SPME syringe at five different time periods (0.0, 0.5, 1, 2 and 4 h).
Finally, in the last stage, 2 mL of kerosene was poured on each textile sample, and left to saturate for one minute and then burned for about 45 seconds. in a fume hood with controlled ventilation. The fire was extinguished by covering the substrate material with a glass vessel. After a 2-min cooling time, partially burned samples were transferred to arson bags at five different periods of time (0.0, 0.5, 1, 2 and 4 h). As mentioned in stages two and three, the same procedure was repeated with each kind of textile under the same conditions. For each analysis, the experiment was carried out in triplicate, and the average values were estimated. Dhabbah 
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Investigation of Kerosene used as Fire Accelerant Remaining on Different Kinds of Fabrics Table-2 This result is consistent with the criteria recommended by ASTM-E 1618 standard for characterization of kerosene [26] . [27] . In the same study, they used various kinds of materials (cloth, paper, wood, leather, soil) and
Results and Discussion
Main constituents of kerosene
detected background compounds only in some substrates, while only toluene was found as a background compound in cloth and was not detected in kerosene. In the present study which was carried out on fabric samples, the preliminary investigations on the different kinds of textiles showed that no volatile hydrocarbons were emitted by the fabrics, with or without burning. Our results showed that all detected compounds corresponded to kerosene residues.
Evaporation rate of kerosene on textiles
Four kinds of textiles were investigated at different times (0, 0.5, 1, 2 and 4 hours) after pouring 2mL of kerosene on them. Sampling and analysis of these samples were done using an SPME syringe, followed by GC-MS analysis. The evaporation rate of kerosene impregnated in four textiles is shown on the charts in Figure- (about 0.5%), they were not detected later.
Evaporation rate of kerosene on textiles after burning
In this stage, 2 mL of kerosene were added to each of the same four textile samples which were then partially Figure-1 shows that the ratio of each compound after burning is much lower than the same peak before burning. The charts included in Figure- Comparison of the total amount of kerosene hydrocarbons on four kinds of textiles without burning showed that it decreases with time depending on the fabrics. The synthetic textiles had a higher retention capacity than the natural fibers. The percent of remaining kerosene after 4 hours was approximately 52%, 49%, 37% and 36% for nylon, polyester, wool and cotton, respectively.
As shown in Figure-5 , the total remaining kerosene compounds measured 4 hours after burning different fabrics were much lower than those obtained without burning.
They corresponded to the following values: 11%, 10%, 9%
and 7% for nylon, polyester, wool and cotton, respectively.
This marked difference between natural and synthetic fab- 
Conclusion
The present work aimed to investigate the rate of evaporation of kerosene impregnated on four kinds of textiles before and after burning at different times. In the analytical procedure, the samples were packed in arson bags and the volatile compounds were collected by SPME while their separation and identification were carried out by GC-MS.
This procedure proved to be fast, convenient, sensitive fibers. The present study showed that application of the SPME coupled with GC-MS is a powerful technique for analysis of ignitable residues on different kinds of textiles and should be helpful in the forensic field.
